The U.S.-China trade war is increasingly having a significant impact on financial markets and the world economy. Based on the daily data from 2017 to June 2019, this paper carries out an empirical study on the mean spillover effect and volatility spillover effect of international crude oil prices and Sino-U.S. stock markets by adopting VAR model and multivariate BEKK-GARCH model. The results show that in terms of mean spillover effect, the trade war has not changed the linkage between Sino-U.S. stock markets and there is no notable spillover effect between international crude oil prices and Sino-U.S. stock markets. While in terms of volatility spillover effect, the impact of the trade war is evident in the risk contagion between international crude oil markets and Sino-U.S. stock markets. The volatility spillover effect between the international crude oil markets and the U.S. stock market is enhanced, while the volatility spillover effect between the Chinese stock markets is weakened. In addition, the risk contagion effect between Sino-U.S. stock markets has also undergone changes in varying degrees.
Introduction
With the U.S. government's announcement of extra tariffs on $50 billion of Chinese exports on March 22, 2018, the Sino-U.S. trade war is increasingly gaining momentum in the seesaw struggle. This trend has produced far-reaching influence on global economic and financial markets. Finance is a keen barometer of the economy. The trade war not only plays a role in the economic development of China and the United States, but also exerts influence on the international commodity markets, which perform an indispensible task for financial market. Therefore, the trade war may not only change the linkage between the financial markets of the two countries, but also may effect a change in the relationship between the international commodity markets and the Sino-U.S. stock markets. As a result, research on the linkage between the international crude oil markets and the Sino-U.S. stock markets during the trade war not only helps to explore changes of relationship between different financial markets in further escalation of the trade war, but also provides theoretical and practical guidance to the risk management of transmission between financial markets at home and abroad. For this reason, the research conducted in this paper has much practical significance.
Literature Review
Developed countries and regions play a leading role in the global financial markets. Therefore, most of the research on the linkage of financial markets takes developed countries or regions as samples. Hamao et al. (1990) made an earlier empirical analysis of the spillover effect between the stock markets of the U.S., the U.K. and Japan. The results show that before 1987, there existed one-way price fluctuation transmission from the United States to Japan, from the United Kingdom to Japan and from the United States to the United Kingdom. Jang and Sul (2002) conducted an empirical analysis of the causal effect between the major Asian financial markets after the financial crisis. The results have proved the validity of the significant impact that the financial crisis had on the linkage between financial markets in different countries or regions. Before the crisis, the spillover effect between financial markets was less remarkable; however, the Japan-dominated financial market has generated more spillover effects after the global financial crisis. Albuquerque et al. (2006) explored the impact of financial markets in developed countries on financial markets in Latin America. It turned out that only American financial markets had a significant impact on Mexican financial markets, while neither American nor European financial markets exerted such influence on financial markets in Chile or Brazil.
In the context of linkage research between international commodity markets and financial markets, Hillier et al. (2006) found that there is a weak correlation between the price of gold, silver and platinum and stock index return rates. As a result, international commodities can be chosen as a portfolio. Arouri et al. (2012) empirically studied the spillover effects between crude oil prices and European stock markets based on the VAR-GARCH model. The results show that there is a noticeable volatility spillover effect between the two objects. Ratti and Hasan (2013) also confirmed this phenomenon through their research on Australia. Based on the research of financial markets in eight developed countries, Dhaoui and Khraief (2014) found that there is a significant negative correlation between crude oil prices and stock market indices with the exception of Singapore.
A review of the existing literature reveals that there is a spillover effect between different international financial markets, which is affected by major international events. As we all know, the trade war initiated by the United States is making great difference to the world economy and financial markets. Will this incident affect the relationship between international commodity markets and financial markets? Based on research gaps in the existing literature, this paper takes the trade war as the starting point and probes into the linkage between international crude oil prices and the Sino-U.S. stock markets.
Model selection and data description

Model selection
In the analysis of financial time series, it is necessary to consider the mean spillover effect and the volatility spillover effect between different sequences. The VAR model is preferred in order to test the mean spillover effect. The VAR model can be used to identify whether there is a causal relationship between different sequences. The multivariate BEKK-GARCH model proposed by Engle and Kroner (1995) is favored by researchers when testing the volatility spillover effect. Based on this, this paper adopts the VAR model and the multivariate BEKK-GARCH model to empirically test the mean spillover effect and the volatility spillover effect between the international crude oil prices and the Sino-U.S. stock markets.
Data description
This paper selects the daily data from 2017 to June 2019 as the analytical focus. The Standard & Poor's 500 Index (sp) and the Shanghai Composite Index (sse) are collected from the Yahoo Finance website at https://finance.yahoo.com. WTI crude oil futures price (wti) data comes from the U.S. National Energy Agency at https://www.eia.gov. It first takes the logarithm of the original data, and then implements the first-order difference to obtain the return series. The specific calculation formula is as follows:
p stands for price series, d represents the first-order difference operator, ln is the natural logarithm and ln t d p represents the price returns series. Descriptive statistics of indicators after logarithmization are shown in Table 1 . It can be seen from Table 1 that during the research period, the logarithmic rate of return of the Standard & Poor's 500 Index is positive, while the logarithmic rate of return of the Shanghai Composite Index is negative, and the logarithmic rate of return of the WTI crude oil futures is positive. The skewness of the three return series is negative, that is, the return series are in left-skewed distribution. In addition, the kurtosis of the three return series is considerably greater than 3; the value of the Jarque-Bera statistic (JB) used to test the sequence normality is larger; the corresponding probability is less than 0.01, which indicates that at the level of 1%, the three return series are in non-normal distributions of high peaks and heavy tails. Thus, the return series constructed in this paper can be used for variability modeling between sequences.
Empirical analysis
The spillover effect between financial market prices is divided into two aspects: horizontal price spillover and volatility spillover. Therefore, this paper conducts an empirical analysis on the two aspects of mean spillover effect and volatility spillover effect testing. At the same time, in order to reflect the possible impact of Sino-U.S. trade war on empirical results, this paper takes March 22, 2018 as the beginning of the trade war, which is regarded as a time-dividing point to empirically study the impact of international crude oil prices on Sino-U.S. financial markets before and after the trade war.
Mean overflow effect testing
With the assistance of the VAR model, the estimation and test results of the horizontal price spillover effect between the international crude oil price markets and the Sino-U.S. stock markets are shown in Table 2 . As seen in Table 2 , the influence coefficient of ln d sse on ln d sp was -0.0832 before the trade war, and it was significant at the level of 5%. The influence coefficient of ln d sp on ln d sse was 0.2908, and it was significant at the level of 1%, which indicates that the Standard & Poor's 500 Index will change accordingly with the Shanghai Composite Index and the two indexes correlate with each other. The mean spillover effect testing shows that the Shanghai Composite Index and the Standard & Poor's 500 Index are mutually seen as Granger causes, that is, a causal relationship exists between them. It means that there is a strong interaction between the financial markets of China and the United States. However, the influence coefficient of ln d wti on ln d sp and ln d sse is not symbolic, and the testing results of the mean spillover effect also confirm that the WTI crude oil futures price is not the Granger reason for the changes in the Shanghai Composite Index and the S&P 500 Index.
The estimated results of post trade war show that the influence coefficient of ln d sse on ln d sp becomes -0.0558, which is significant at the 10% level. Compared with the pre-war situation, the absolute value of estimated coefficient becomes smaller and the significance is decreased. However, the mean spillover effect testing also indicates that the two are mutually considered as Granger causes and the trade war has not changed the mean spillover effect between the financial markets of China and the United States. In addition, the impact of ln d wti on ln d sp and ln d sse is still not significant and there is no causal relationship between WTI crude oil price and the two indexes.
Volatility spillover effect testing
The results of the mean spillover effect only projects that a horizontal price spillover exists between the stock markets of China and the United States, while there is no causal relationship between the international crude oil futures price and the stock markets of China and the United States. However, a significant volatility normally present in the financial price series, while greater volatility represents greater risk. Therefore, with the deepening of international financial market integration, is there any risk contagion between the international crude oil markets and the stock markets? In order to answer this question, this paper makes use of the multivariate BEKK-GARCH model to empirically analyze the volatility spillover effect between the international crude oil markets and the Sino-U.S. financial markets. At the same time, in order to further reflect the impact of trade war on risk contagion, this paper has estimated the relevant situations before and after the trade war. The specific results are shown in Table 3 . Seeing from the estimation and testing results in Table 3 , there is a volatility spillover effect of ln d sp on both ln d sse and ln d wti before the trade war, which indicates that U.S. stocks show risk transmission towards the Chinese stock markets and the international crude oil markets. A volatility spillover of ln d sse works only on ln d sp , and there is no significant volatility spillover on ln d wti . This phenomenon means that the Chinese stock markets only generate risk contagion to the U.S. stock markets but do not transmit the risk to the international crude oil markets. There is a great volatility spillover of ln d wti on ln d sse , which indicates that the international crude oil markets can only spread risks towards the Chinese financial markets, and no risk is transferred to the U.S. financial markets.
The estimated results of the trade war show that the volatility spillover effect of ln d sp on ln d sse and ln d wti is still significant, while the volatility spillover effect on ln d wti is obviously enhanced. There has been no substantial changes in the volatility spillover effect of ln d sse on ln d sp and ln d wti . The volatility spillover effect of ln d wti is no longer noticeable, but that of ln d sp shows stronger influence. The empirical results demonstrate that the trade war has changed the risk contagion effect between the U.S. stock markets and the international crude oil markets. The linkage between the U.S. stock markets and the international crude oil markets is increasingly intensified, and the risk transmission mechanism between the Sino-U.S. stock markets has not changed in a dramatic way. The risk linkage between the international crude oil markets and the Chinese stock markets has gradually faded away.
Conclusion
There is a growing impact of the U.S.-sponsored trade war on the global economy and finance. Would the important part of the international commodity markets affect Sino-U.S. finance with the emergence of trade war? To investigate that, this paper collects the daily data from 2017 to June 2019 and adopts VAR model and multivariate BEKK-GARCH model to empirically analyze the linkage between international crude oil prices and Sino-U.S. stock markets. The results show that there is a significant mean spillover effect between Chinese and American stock markets. But the mean spillover effect of the Chinese stock markets on the American stock markets tends to weaken after the trade war. In addition, neither the international crude oil markets nor the Sino-U.S. stock markets have shown mean spillover effects between them. In terms of the risk contagion between financial markets, the trade war has increased the volatility spillover between the U.S. stock markets and the international crude oil markets. China's risk contagion to the American stock markets has also demonstrated a steady growth. Moreover, the trade war has weakened the volatility spillover effect of the United States on Chinese stock markets and international crude oil markets.
